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Medicinal plants are vital source of present day prescription and the majority 
of the recommended modern medications contain their subsidiaries. Calligonum 
comosum and Calligonum crinitum are perennial shrub plants growing in the United 
Arab Emirates, and are being utilized as a part of traditional medicinal system of UAE. 
The aims of proposed study were to evaluate and compare the phytochemical and 
antioxidant properties of these two plants. The extraction and fractionation were 
conducted by using petroleum ether, chloroform, ethyl acetate, acetone and methanol. 
The extracts were tested for their antioxidant activity. Phytochemical studies with total 
phenolics and flavonoid contents were analyzed by following standard methods. Along 
with this, proximate analysis with micro and macro elements were also estimated. In 
vitro antioxidant analysis were done by different methods. The results exhibited a 
positive linear correlation between these phytochemicals such as saponins, flavonoids, 
tannins, and terpenes and the free radical scavenging activities. Our results confirm 
that the extracts have potential antioxidants and this legitimizes their use in folkloric 
medicine. Hence, scientific validation of traditional knowledge can be accomplished 
in a preparatory level.  
 







Title and Abstract (in Arabic) 
 
و Calligonum comosum دراسة مقارنة المسح الكيميائي لمضادات األكسدة بنباتات 
Calligonum crinitum 
 الملخص
لطب النباتات الطبية هي مصدر مهم من للطب الحديث ومعظم األدوية العالجية التي يصفها ا
 Calligonumالحديث تحتوي على المكونات الفعالة أو مشتقاتها من النباتات الطبية. 
comosum وCalligonum crinitum  هي نباتات شجيرة معمرة تنمو في دولة اإلمارات
مارات العربية العربية المتحدة، ويجري استخدامها في نظام العالجات الطبية التقليدية في دولة اإل
ضادة األكسدة مالمتحدة. أهداف الدراسة المقترحة هي تقييم ومقارنة الخصائص الكيميائية النباتية و
سيتات أمن هذه النباتات. تم استخالص هذه عينات باستخدام األثير البترولي، والكلوروفورم، 
تحليل للعناصر الصغرى والعناصر الكبرى.  سيتم واإليثيل، األسيتون والميثانول.قدر أيضا ال
راسات م الداختبار مجموع  الميثانول والعينات األخرى لنشاطها في مضادات األكسدة. وسوف تت
ة بين هذه المواد الكيميائية النباتية من خالل التقنيات الطيفية. وأظهرت النتائج وجود عالقة إيجابي
تانين والتربين. وهذا يشرع اس تخدامها في الطب الكيميائية النباتية مثل الصابونين، الفالفونويد، ال
 الفولكلوري في الدولة.
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Chapter 1: Introduction 
 
The therapeutic properties of plants have been examined in the current 
scientific world, as a result of their strong antioxidant values, absence of side effects, 
and economic viability (Auddy et al., 2003).Herbal medicine plays vital role in 
maintaining the health and wealth of mankind. Majority of world population use herbal 
medicines. The World Health Organization (WHO) reports that approximately 21,000 
plants have been used for medicinal purposes (Cathrine and Nagarajan,2011). As 
indicated by the Food and Agriculture Organization (FAO), more than 50,000 plant 
species are utilized as a part of the traditional medication all through the world 
(Schippmann et al., 2002). The medications are derived from the entire plant or from 
various parts like leaves, stem, bark, root, flower, tuber and seed. Over 30% of the 
whole plant species, at one time or other was utilized for medicinal purposes. 
Conventional drug practice in the treatment of diseases and infections have accepted a 
more scientific and more extensive measurement as the ethnomedicine is in practice, 
particularly in the developing nations (Falodun and Irabor, 2008). 
Most of the plants used in the traditional medicine showed potent antioxidant 
actions (Sivakumar et al., 2012). Phytochemicals are natural compounds and they form 
the base of modern drugs as we use today (Akinmo et al., 2007). Phytochemicals are 
basically divided into two groups that are primary and secondary metabolites. Primary 
metabolites comprise common sugar, amino acids, proteins and chlorophyll while 
secondary metabolites consist of alkaloids, flavonoids, tannins etc., (Kumar et al., 
2005). Phytochemicals like flavonoids and phenols are strong antioxidants and have 
an important role in the health care system (Prakash et al., 2007). Therapeutic power 






collectively are referred to as phytochemicals (Raj et al., 2010). These phytochemicals 
have potential to be developed as herbal medicines or could serve as precursors for 
modern medicine.  
Recently, there has been an expanded interest for phenolic compounds inferred 
for their conceivable medical advantages. The anticarcinogenic, antimutagenic, and 
cardioprotective impacts of phenolic mixes are connected with their antioxidant 
properties of scavenging free radicals and easing lipid peroxidation (Potter, 2005). 
Polyphenols are the major antioxidant constituents isolated from many medicinal and 
edible plants. The extraction process does affect the yield, and to some extent, affects 
the stability of polyphenols (Marete et al., 2009). 
Proximate and nutrient analyses of plant and vegetables gives the idea of their 
nutritional significance. If the plant standardizes all the parameter of proximate 
composition then it is quite safe to be used as dietary supplement or as herbal drug 
(Pandey et al., 2006).For herbal drug’s standardization is concerned, WHO underline 
on the need and significance of deciding proximate and micronutrients content of the 
natural plants. Such plans must go through standardization processes (Rajani and 
Kanaki, 2008).  
Reactive free radicals, including superoxide, hydroxyl radical, and peroxyl 
radical, for the most part result in degradation of protein, lipid peroxidation, and 
oxidation of DNA. This has been thought to be connected with numerous interminable 
ailments, for example, diabetes, malignancies, and atherosclerosis (Willcox et al., 
2004). The stress from free radicals starts when they try to attract with the biological 
macromolecules such as proteins, lipids through electron pairing (Sun et al., 2012). 






covalent bond of normal molecules, or heterolytic fission resulting in ion formation 
and addition of a single electron to a neutral molecule. The major free radicals formed 
in the human body are superoxide radical (O2¯), hydroxyl radical (OH), singlet oxygen 
(1O2), hydrogen peroxide (H2O2), hypochlorus acid (HOCl), peroxyl (ROO), alkoxyl 
radical (RO), radicals of nitric oxide (NO), nitrogen dioxide (NO2), peroxynitrite (O 
NOO¯), ozone (O3) and toxic nonradical derivatives of oxygen. All these derivatives 
are collectively termed reactive oxygen species (ROS), oxy radicals or oxygen free 
radicals (OFR) (Weijl et al., 1997). Synthetic antioxidants have been used as 
supplement added for quite a while, yet provides details regarding their inclusion in 
chronic infections have confined their utilization in nourishments. Therefore, universal 
consideration has been centered around characteristic antioxidants essentially from 
plant sources (Dehghan et al., 2007). 
Plants are rich in antioxidants; so much attention has been directed towards the 
development of ethno medicines as they contain phenols, flavonoids, alkaloids, 
tannins, vitamins, terpenoids, and many more phytochemicals responsible for different 
pharmacological activities (Gangwar et al., 2014). For several years, many researchers 
have been searching for powerful but nontoxic antioxidants from natural sources, 
especially edible or medicinal plants. Recently, there has been an upsurge for the 
restorative capability of therapeutic plants as cancer prevention agents in diminishing 
such free radical instigated tissue damage (Veeru et al., 2009). Thus, novel drug 
formulation should result from natural substitutes from plant origin. The medicinal 
value of plants mainly due to the fact that they produce substances which have defense 







According to WHO, there is high consumer demand for herbal preparations 
and herbal products. The demand for natural remedies and herbal medicine appears to 
be increasing especially in arid regions. Herbal medicine is comparatively cheaper than 
synthetic chemical drugs in countries where large number of herbal native plants are 
present, and therefore, it could play an important role in fulfilling the growing need for 
medicines free of threatening from side effects.  
Conventional native plants use in UAE traditional medicine is very common. 
Around 678 plant species are reported from the United Arab Emirates, huge numbers of 
which show tolerance to live in extreme environmental conditions. In a review by Sakkir 
et al. (2012), a total of 132 plants species were found to have therapeutic properties. 
Among these medicinal plants, the plants in the family polygonaceae are being utilized 
by the traditional people.The desert of Abu Dhabi area is a rich source of wide variety 
of plants, however the vast majority of which has scarcely been contemplated from the 
view of its proximate and nutritional profile. Reported works at this viewpoint have 
uncovered the capability of a few as lipid, proteins or mineral sources (Al Ameri et al., 
2014). 
Calligonum is a genus of plants in the family Polygonaceae with about 80 
species across the Mediterranean region, Asia and North America. Calligonum 
comosum L`Her is a bush found all through Arabia and developing in sandy deserts, 
has a place with family Polygonaceae. C. crinitum Boiss (locally known as Abal) is a 
perennial plant, similar to C. comosum, but with flowers and stamenswhite belong to 
Polygonaceae family, mainly distributed in deserts of United Arab Emirates and some 






is 2.5 m tall, preferring, higher, well drained sands (Mandaville, 1986). It is one of the 
few plants able to grow on large mobile dunes, even on the leeward slopes.  
C. comosum was utilized to treat stomach illnesses and toothache (Ghazanfar, 
1994) in traditional systems. Also, it is being utilized as a part of flavouring, tanning 
and utilized by individuals for firewood, feed for domesticated animals and the little 
fruits are edible (Jongbloed et al., 2003). The shoots of C. comosum were appeared to 
have anti-inflammatory, antiulcer and cytoprotective impacts (Liu et al., 2001). 
Recently, a few reviews affirmed phytochemical segments from hydroalcoholic 
extract (Ahmed et al., 2015) and cytotoxicity of flavonoids (Ahmed et al., 2016) from 
C. polygonoides. Reports are there about antihelmentic efficacy (Degheidy et al., 
2013), anti-fungal potential andanticancer action (Abdo et al., 2015).  
The objective of this study were to estimate the phytochemicals, total phenol, 
flavonoid contents, proximate and mineral analysis, free radical scavenging activities 
by different in vitro antioxidant assays from two species of Calligonum namely C. 
comosum and C. crinitum growing in the UAE in order to have scientific validation of 






Chapter 2: Literature Review 
 
There are many naturally occurring medicinal substances in plant kingdom. 
The isolation and evaluation of medicinal properties from plants are of current interest. 
The active principles of plants are commonly grouped as phytochemicals (Palombo, 
2006). The biochemical substances which are naturally occurring in therapeutic plants 
that have resistance system to protect from different diseases. These are primary and 
secondary compounds (Bi and Felton, 1995). Chlorophyll, proteins and normal sugars 
are incorporated into primary constituents and secondary metabolites are terpenoid, 
alkaloids and phenolic mixes (Krishnaiah et al., 2007). These secondary compounds 
are not directly involved in the plant metabolism, but involve in plant’s defense 
mechanisms. Presently, research exhibits that they can likewise ensure humans and 
animals against illnesses. 
Flavonoids are one among the strongest phytochemicals which possesses many 
medicinal properties. Flavonoids are utilized as cell antioxidants due to their capacity 
to quench free radicals, for example, peroxide and hydroperoxide of lipid hydroxyl 
thus repressing oxidation that prompt degenerative infections (Samatha et al., 2012; 
Yadav and Agarwala, 2011). 
Polyphenols are natural antioxidant groups and also part of day to day human 
diet (Tsao, 2010). They are also categorized among the potential plant secondary 
metabolites (Scalbert et al., 2005). Phenols are the major polyphenols which may occur 
in low or as high molecular weight (Bravo, 1998). They are found in many plants and 
their distribution among plant kingdom depends on plant species (El Gharras, 2009). 






antioxidants which protects the living system from many stress hazards (Zaveri, 2006; 
Škerget et al., 2005). 
Tannins are moderately high molecular compounds that constitute the third 
essential group of phenolics that might be subdivided into hydrolysable and 
consolidated tannins. The most generally studied tannins depend on flavan-3-ols: (–)- 
epicatechin and (+)- catechin (Hagerman, 2012). Gallic acid is esterified to a center 
polyol, and the galloyl groups might be additionally esterified or oxidatively 
crosslinked to yield more intricate hydrolysable tannins (Hagerman, 2012). Terpenoids 
display different vital pharmacological activities i.e., anti-inflammatory, anticancer, 
against malarial, restraint of cholesterol combination, hostile to viral and against 
bacterial infections (Mahato and Sen, 1997).  
Inferable from the significance in the above context, such preparatory 
phytochemical screening of plants is the need of great importance so as to find and 
create novel remedial specialists with enhanced adequacy. Various research bunches 
have likewise revealed such reviews all through the world (Kharat et al., 2013). In 
recent decades, numerous specialists are occupied with medicinal plant research for 
assessment of antioxidant phytochemicals, for example, phenols, flavonoids and 
tannins which have more consideration for their potential part in prevention of human 
ailments (Upadhyay et al., 2010). Numerous local plants are the least expensive and 
most accessible vital supplements, providing the body with minerals salts, vitamins 
and certain hormone precursors, protein, energy and basic amino acids (Amaechi, 
2009).  
Among many other methods to assess the quality of a given sample, proximate 






investigation of wild consumable plants assumes an essential part in evaluating their 
dietary importance (Pandey et al., 2006). These supplements are basic for the 
physiological elements of human body. Such supplements and biochemicals like 
starches, fats and proteins assume an essential part in fulfilling human requirements 
for vitality (Novak and Haslberger, 2000). Total ash may differ with in wide points of 
specimen for example of certified medications. Ashes give anidea of the mineral 
matter contained in a plant. Measuring it is vital, in light of the fact that mineral matter 
might be the reason for a pharmacological impact (Lee, 2006). 
In human, trace elements assume a crucial role both as preventive and as 
restorative specialists against different ailments like diabetes, heart ailments and 
alzheimers. Nonetheless, the contaminations of overwhelming lethal metals in plants 
because of any element could create genuine medical issues in light of the fact that there 
is a tight focus go between the inadequacy and poisonous quality levels of heavy metals 
in human (Tchounwou et al., 2012). The real minerals fill in as basic parts of tissues 
and function in cell and basal digestion and water and acid-base balance (Rahmatollah 
and Mahbobeh, 2010). Trace metals constitute huge risks for man and have turned into 
a specific concern and high need in ecological research (Wuana and Okieimen, 2011). 
Oxidative stress is caused by the imbalance between oxidants and antioxidants, 
potentially leading to damage in plants and in humans (Lobo et al., 2010). 
Approximately 1-3% of the oxygen consumed in human’s body is converted to 
superoxide and other reactive oxygen species (ROS) called free radicals under 
physiological conditions (Nita and Grzybowski, 2016). Even though these free radicals 






killing and gene transcription (Aprioku, 2013), they may also damage DNA, protein 
or lipids in the human body (Lobo et al., 2010). 
Many free radicals (e.g., superoxide, nitric oxide, and hydroxyl radicals) and 
other ROS (e.g., hydrogen peroxide H2O2), peroxynitrite, and hypochlorous acid) are 
produced by aerobic metabolism (Fang et al., 2002). Mainly there are two forms of 
free radicals are formed from oxygen and nitrogen (Pham-Huy et al., 2008). However, 
the term ROS can also refer to oxygen-derived non-radicals such as H2O2, ozone (O3), 
hypochlorus acid (HOCl) and singlet oxygen (Pham-Huy et al., 2008). 
Antioxidants counter the action of ROS by keeping their concentrations at 
physiological levels. Antioxidant may act through several mechanisms and can be 
grouped in to enzymes that convert free radicals to less toxic forms (Rahman, 2007). 
Antioxidant proteins such as transfer proteins that can bind metal and reduce the metal-
induced production of free radicals and small molecular antioxidants such as 
glutathione (GSH) vitamins C and E that act as efficient free radical scavengers 
(Birben et al.,2012). 
There are many reports regarding the antioxidant capacity of phenolic 
substances (García-Ruiz et al., 2017). They are capable of radical scavenging and has 
been proved by experiments related to 1,1-diphenyl-2-picrylhydrazyl radical (DPPH●) 
and 2,2’azinobis-(3-ethylbenzothiazoline -6-sulfonic acid) (ABTS+) (Halliwell et al., 
2005; Fatma et al., 2014). They suppress the formation of ROS by chelating transition 
metal ions capable of catalyzing oxidative reactions (Mira et al., 2002). 
Many reviews have demonstrated that natural antioxidantsfrom plant sources 






(Zou et al., 2004). The role of medicinal plants in disease prevention or control has 
been ascribed to antioxidant properties of their constituents (Djeridane et al., 2007). 
Medicinal plants are vital source of present day medication and the vast 
majority of the recommended helpful medications contain dynamic standards or their 
subsidiaries (Lalaleo et al., 2016). They stop oxidative harm by their capacity to 
quenchROS (Olorunniyi and Morenikeji, 2013). As per World Health Organization 
(WHO), medicinal plants would be the best source to get various medications. Around 
80% of people from developed nations utilize traditional medicines, which came from 
therapeutic plants (Rishi et al., 2016). In any case, such plants ought to be explored to 
better comprehend their properties, wellbeing, and proficiency (Arunkumar and 
Muthuselvam, 2009). As indicated by Schippmann et al. (2002) more than 50,000 plant 
species are utilized for therapeutic purposes around the world, of which right around 
13% are flowering plants. 
Arab has a rich tradition of natural medicine and usage of plants (Ghazanfar, 
1994) that is mostly blended with Greek practices to wind up what is known as the 
unani (Greco-Arab prescription) (Sakkir et al., 2012). Ghazanfar (1994) reported 
differentethnomedicalpractices which were prevailing in Arabian Peninsula. There are 
reports about different types of plant uses and systems of medicine. Practices like bone 
settings, cupping and cauterization are also practiced, in which the use of plants was 
common.  
Calligonum comosum (Polygonaceae) and Calligonum crinitum are perennial 
shrub plants growing in the United Arab Emirates, and are being used in traditional 
medicinal system of UAE. The most prominent plant communities in this region are 






comosum was reported that possesses anti-ulcer and anti-inflammatory activity. Plants 
are a great source of medicines, especially in traditional systems, which are useful in 
the treatment of various diseases.  
Aly et al. (2017) reported protective role of C. comosum on aroclor 1260‐
induced testicular toxicity in rats. Bannour et al. (2016) evaluated, for its nutritional 
potential as a sustainable food and feed for the desert dwelling areas. Flavonoids were 
studied from C. polygonoides (Ahmed et al., 2016).  Recently, Yavangi (2017) 
reported its property in increasing fertility indices. Above studies prove the importance 
of the genus Calligonum but there a little report on antioxidant activity from C. 








Chapter 3: Materials and Methods 
 
3.1 Plant material 
The completely developed aerial parts of Calligonum comosum and C. crinitum 
were gathered from Al-Foah Experimental Station of College of Food and Agriculture, 
United Arab Emirates University and from Experimental Nursery of Terrestrial and 
Marine Biodiversity Sector, Wildlife Assessment and Conservation, Environment 
Agency - Abu Dhabi, United Arab Emirates. The plants were recognized and validated 
at United Arab Emirates University and Environment Agency. 
3.2 Preparation of plant material 
Plants from both the species were uprooted and collected in separated labelled 
plant collection bags. The shoots were washed altogether with water and dried under 
the shade at room temperature. The dried shoots were powdered by utilizing blender 
to get the course powder so that all the material passed through a mesh not larger 
than 0.5 mm. The powdered materials of each plant (500 g) were soaked in 1.5 L of 
petroleum ether (Merck Co., Germany) for 1 day, and the steps were sequentially 
extracted by petroleum ether, chloroform, ethyl acetate, acetone and methanol for 72 
hrs. At the end of extraction, it was passed through Whatman filter paper No.1 
(Whatman Ltd., England). The plant extracts were concentrated to dryness under 
vacuum on rotary evaporator at 40°C then reconstituted in minimum amount of 






3.3 Preliminary phytochemical screening 
Phytochemical tests were done from extracts of the powdered form using 
standard qualitative methods as described by Edeoga et al. (2005) and Harborne (1998) 
as given below. 
3.3.1 Test for alkaloids 
For the purpose of phytochemical analysis of the aerial parts of the plants, a 
little portion of the dissolvable free petroleum ether, chloroform, ethyl acetic acid 
derivation, acetone and methanol extricates independently with a couple of drops of 
dilute hydrochloric acid and filter. The filtrates were tried with alkaloidal reagents, for 
example, Dragendorff's reagent (orange brown precipitate). To this acidic medium, 1 
mL of Dragendroff’s reagent was added. An orange or red precipitate produced 
immediately indicates the presence of alkaloids. 
3.3.2 Test for flavonoids 
For the preliminary confirmation of flavonoid, 0.5 g of aerial parts of the 
different plant extract were added in a test tube and 10 ml of distill water, 5 ml of dilute 
1% ammonia solution were added to a portion of the aqueous filtrate of plant extract 
followed by addition of 1 ml concentrated H2S04. Indication of yellow coloration is 
observed if flavonoid compounds are present. 
3.3.3 Test for proteins 
Added a couple of drops of various extracts in a couple ml of refined water and 






was added. A white precipitate which turns red on heating was formed and it is 
indicates the presence of proteins. 
3.3.4 Test for phenols 
For analyzing presence of phenol, 5 ml of Folin Ciocalteu reagent and 4ml of 
aqueous sodium carbonate were added to 0.5 ml of plant extract. Appearance of blue 
color indicates the presence of phenols. 
3.3.5 Test for phlobatannin 
Plant powder sample was mixed with distill water in a test tube, then shaked it 
well, and filtered to take plant extract. Then to each plant extract, 1% aqueous 
hydrochloric acid was added and each plant sample was then boiled with the help of 
Hot plate stirrer. Formation of red colored precipitate confirmed a positive result. 
3.3.6 Test for saponin 
About 2 g of the powdered sample was boiled in 20 ml of distilled water in a 
water bath and filtered. 10 ml of the filtrate was mixed with 5 ml of distilled water and 
shaken vigorously for a stable persistent froth. The frothing was mixed with 3 drops 
of olive oil and shaken vigorously, then observed for the formation of emulsion. 
3.3.7 Test for steroids 
One milliliter of the extracts was dissolved in 10 mL of chloroform and sides of 
the test tube added equal volume of concentrated sulphuric acid. The upper layer turns 
red and sulphuric acid layer showed yellow with green fluorescence. This indicated 






3.3.8 Test for tannins 
The 0.5 g of powdered sample was boiled in 20 ml of distilled water in a test 
tube and then filtered. The filtration method used was the normal method, which 
includes a conical flask and filter paper. The 0.1% FeCl3 was added to the filtered 
samples and observed for brownish green or a blue black coloration, which showed 
the presence of tannins. 
3.3.9 Test for cardiac glycosides 
Hydrolysed another little part of the concentrate with weaken hydrochloric acid 
for couple of hours in water bath and subjected the hydrolysate with Keller-Killani 
tests to recognize the presence of glycosides. 1ml of glacial acetic acid containing hints 
of FeCl3 and 1 ml of concentrated H2SO4 was added to the concentrate deliberately. If 
cardiac glycosides present in the sample, A violet ring may appear below the brown 
ring, while in the acetic acid layer, a greenish ring may form just spreading gradually 
throughout the layer. 
3.3.10 Test for anthraquinones 
A sample of plant extract (0.5 g) was boiled with 0.01 M HCl and filtered while 
still hot. The filtrate was shaken with benzene (10 mL). The benzene layer was 
removed, and ammonium hydroxide (5 mL, 10%) was added. A violet, red, or pink 






3.3.11 Test for volatile oils 
2 ml of extract solution in which 0.1 ml of sodium hydroxide and small quantity 
of dilute HCl was added and shaken well. White precipitate was formed with volatile 
oils. 
3.3.12 Test for carbohydrates 
Dissolve little amounts of the extracts, independently in 4 ml of refined water 
and filter. The filtrate may be subjected to different tests to detect the existence of 
carbohydrates. For carbohydrate estimation, test solution was mixed with few drops of 
Benedict's reagent (alkaline solution containing cupric citrate complex) and boiled in 
water bath. The mixture was then allowed to stand for two minutes and then diluted 
with 5 ml of distilled water. Formation of a reddish brown color precipitate to show a 
positive result for the presence of carbohydrate. 
3.4 Determination of total phenolic content 
Total phenolics in the extracts were determined using Folin-Ciocalteau reagent by 
the method of Singleton and Rossi (1965) using Gallic acid (GA) as the standard. 
Reagents 
 Anhydrous sodium carbonate - 2% in water 
 Folin’s phenol reagent – 100 g sodium tungstate, 25 g sodium molybdate, 700 
mL water, 50 mL 85% o-phosphoric acid and 100 mL concentrated 
hydrochloric acid were taken in a 1500 mL round bottomed flask. The mixture 
was refluxed gently for 10 hours. To this 150 g lithium sulfate,  






was boiled for 15 min to remove excess bromine. This was diluted to 1:1 with 
double distilled water before use. 
 Stock standard GA in water – 1 mg/mL. 
 Working standard GA - 100 g/mL. 
Procedure 
Varying volumes of extracts (0.1 to 0.5 mL) were made upto equal volume with 
water and mixed with 2 mL of   sodium carbonate. After 2 min, 0.1 mL of diluted 
Folins-phenol reagent was added and incubated at room temperature for  
30 min. The absorbance was measured in a spectrophotometer at 720 nm. Standard 
GA of concentrations ranging from 10-50 g and water blank were processed together. 
The total phenolic content in the extract was expressed as mM gallic acid equivalents 
(mM GAE/100 g). 
3.5 Determination of total flavonoid 
The flavonoid content of different extracts was measured by the aluminium 
chloride colorimetric assay using quercetin as the standard (Zhishen et al., 1999). 
Reagents 
 Sodium nitrate -5% 
 Aluminium chloride-10% 
 Sodium hydroxide- 1 M 








Aliquot of extracts or standard (quercetin) were added to the tubes containing 4 
mL distilled water and 0.3 mL of 5 % sodium nitrate. After 5 min, 0.3 mL of 10 % 
aluminium chloride was added followed by the addition of 2 mL 1M NaOH.  The total 
volume was made upto 10 mL with distilled water. The colour developed was read at 
510 nm. The flavonoid content was expressed in quercetin equivalents/g seed.  
3.6 Proximate analysis 
Proximate analysis was done by standard methods of the Association of Official 
AnalyticalChemists (A.O.A.C, 1990, 1995). 
3.6.1 Total ash 
Total ash generally consists of phosphates, carbonates, silica and silicates which 
include both physiological ash and non-physiological ash e.g., sand and soil. About 2 
g of air-dried powdered drug was accurately weighed and taken in a silica crucible and 
incinerate at a temperature not more than 450°C until free from carbon. The crucible 
was cooled, weighed and % of total ash was evaluated with reference to the dried plant. 
3.6.2 Dry matter 
This was determined by the standard methods of the Association of Official 
Analytical Chemists. 1 g of sample was weighed into a clean dried porcelain 
evaporating dish. This was placed on an oven and the temperature maintained at 105°C 
for 6 hrs. The evaporating dish was cooled in desiccators to room temperature then 
reweighed and recorded. Weight of moisture was calculated by subtracting the weight 






Equation 1: % 𝑜𝑓 𝐷𝑟𝑦 𝑀𝑎𝑡𝑡𝑒𝑟 =
𝑓𝑟𝑒𝑠ℎ 𝑤𝑒𝑖𝑔ℎ𝑡−𝑑𝑟𝑖𝑒𝑑 𝑤𝑒𝑖𝑔ℎ𝑡
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑓𝑟𝑒𝑠ℎ 𝑠𝑎𝑚𝑝𝑙𝑒
× 100 
3.6.3 Determination of crude fiber content 
 2 gm of powdered plant extracted with diethyl ether and added 200 ml of 
boiling dilute sulphuric acid (1.25%) to the ether exhausted marc in a 500 ml flask. 
The mixture was refluxed for 30 min, filtered through filter paper and the residue was 
washed with boiling water until the effluent washing was acid free. Rinsed the residue 
and placed back into the flask with 200 ml of boiling sodium hydroxide solution 
(1.25%) and refluxed the mixture again for 30 min., filtered through ashless filter paper 
and washed the residue with boiling water until the last washing was neutral. It was 
then dried at 110C to constant weight and then ignited to constant weight. The ash 
was cooled in dessicator, weighed and calculated as follows (Knevel and Digangi, 
1977). 
Equation 2 : % 𝑜𝑓 𝐶𝑟𝑢𝑑𝑒 𝐹𝑖𝑏𝑒𝑟 =
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑎𝑠ℎ 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑢𝑔 𝑠𝑎𝑚𝑝𝑙𝑒
× 100 
3.6.4 Protein 
The dried ground sample 0.5 g was taken in a Kjeldahl flask. 18 ml of H2SO4 
and 1 g of CuSO4 and 20-25 ml of concentrated H2SO4 were added. It was digested in 
Kjeldahl digestion unit for 6 hours. The mixture was cooled down to room temperature 
and transferred about 50 ml of 4% boric acid solution in a receiving flask and added 
to it 3-5 drops of mixed indicator and placed it under the condenser of Kjeldahl. 50 ml 
water and 60 ml of 32% NaOH solutionwere added to the Kjeldahl flask. Distilled so 
that a volume of 200°C is collected in the receiving flask and removed the flask for 
titration. 0.1 N HCl was taken in burette and titrated the content of the flask against it. 






Equation 3 : % 𝑜𝑓 𝑃𝑟𝑜𝑡𝑒𝑖𝑛 = % 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 × 6.25 
3.6.5 Determination of fat 
 Soxhelt’s apparatus was used in this method and first weighed 2-4 g of 
extraction thimble. The thimble was plugged with absorbent cotton wool and placed 
in extraction chamber. A cleaned and dried 250 ml round bottom flask was weighed 
and filled up 1/3 with solvent and connected it with the extraction tube. The sample 
fastened in filter paper was added. The extraction continued for 5-6 hrs and siphoning 
would occur after 5-6 min at the condensation rate of 3-4 drops per second. After 
completion of the process; the thimble was removed from the extractor and heated the 
flask so that all the solvent was collected. Then the flask was dried at 105°C. Finally, 
it was cooled and weighed again. 
Equation 4 : % 𝑜𝑓 𝐶𝑟𝑢𝑑𝑒 𝐹𝑎𝑡 =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑓𝑙𝑎𝑠𝑘 𝑤𝑖𝑡ℎ 𝑓𝑎𝑡−𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑒𝑚𝑝𝑡𝑦 𝑓𝑙𝑎𝑠𝑘
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑠𝑎𝑚𝑝𝑙𝑒
× 100 
3.7 Microelements and macroelements 
Samples were prepared accurately by weighing 0.5 g in the microwave digestion 
vessels and 10 ml of concentrated nitric acid (HNO3) and 2 ml hydrochloric acid 
(HCL) were added (EPA, 2008). The vessels were capped and placed in the microwave 
digestion system. The analysis was conducted using ICP-OES - Agilent Technologies, 
710. The percentages of different elements in this sample was determined by the 
corresponding standard calibration curves obtained by using standard AR grade 






3.8 In vitroantioxidant analysis 
3.8.1 2, 2’-Azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS●+) radical  
         cation decolorization assay 
The generation of the ABTS●+ radical cation forms the basis of one of the 
spectrophotometric methods that has been applied for the measurement of the total 
antioxidant activity of solutions of pure substances (Wolfenden and Willson, 1982). 
The improved technique for the generation of ABTS●+ involves the direct production 
of the blue/green ABTS●+ chromophore through the reaction between ABTS+ and 
potassium persulphate. Addition of CSEt and other antioxidants compete with 
ABTS●+ and diminishes the color formation. 
Reagents 
 2, 2’-Azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS+)  - 7 mM  
 Potassium persulphate – 5 mM  
 Phosphate buffer – 100 mM, pH 7.4 
Procedure  
ABTS●+ was dissolved in water at a concentration of 7 mM. The stock solution 
was mixed with 2.5 mM potassium persulphate (final concentration). The mixture was 
allowed to stand in the dark at room temperature for 12-16 h before use for incomplete 
oxidation of ABTS●+. The radical was stable in this form for more than two days when 
stored in the dark at room temperature. The incubation mixture in a total volume of 5 
mL contained 0.54 mL of ABTS●+, 0.5 mL of phosphate buffer and varying 






in place of extracts. The absorbance was read in spectrophotometer at 734 nm and 
compared with standard GA (reference compound). 




3.8.2 DPPH● radical scavenging assay 
The radical scavenging activity of Calligonum against DPPH● was determined 
spectrophotometrically in a dark room by the method of Brand-Williams et al. (1995). 
DPPH● is a stable free radical and accepts an electron, or hydrogen radical to 
become a stable diamagnetic molecule. DPPH● reacts with an antioxidant compound 
that can donate hydrogen and gets reduced. The change in colour (from deep violet to 
light yellow) was measured. The intensity of the yellow colour depends on the amount 
and nature of radical scavenger present. 
Reagent 
 2,2-Diphenyl-1-picryl hydrazyl (DPPH)●–in 0.1mM in methanol in a dark room. 
Procedure  
 
The reaction was performed in a dark room. The reaction mixture in a total 
volume of 3 mL contained 1 mL of   DPPH●, various concentrations of CSEt (10, 20, 
30, 40 and 50 g GAE) and made up to 3 mL with water. The tubes were incubated 
for 10 minutes at 37C. A blue colour chromophore was formed, the absorbance of 






3.8.3 Hydroxyl radical scavenging assay 
The hydroxyl radical scavenging activity of the diffent extracts was evaluated 
by the method of Halliwell et al. (1987).In this assay, hydroxyl radicals are produced 
by the reduction of H2O2 by the transition metal ion in the presence of ascorbic 
acid.The generation of hydroxyl radical is detected by its ability to degrade 
deoxyribose to form products, which on heating with TBA forms a pink colour 
chromogen. Addition of extracts competes with deoxyribose for hydroxyl radicals and 
diminishes the colour formation. 
Reagents 
 Potasssium per sulphate buffer-100 mM, pH 6.7 
 Ferric chloride-500 μM in buffer 
 Ascorbic acid-1 mM buffer 
 Ethylene diamine tetra acette(EDTA\)-1 mM in buffer 
 Hydrogen peroxide (H2O2)-10 mM 
 2-Deoxyribose-15 mM in buffer 
 Thiobarbituric acid (TBA)-1% in 0.05 N sodium hydroxide 
 Trichloroacetic acid (TCA)-28% in water 
Procedure 
The incubation mixture in a total volume of 1 ml contained 0.1 ml of buffer, 
varying concentrations of the different extracts (10, 20, 30, 40 and 50 µg GAE), 0.2 
mL ferric chloride, 0.1 mL ascorbic acid, 0.1 mL EDTA, 0.1 mL H2O2 and 0.2 mL 2-
deoxribose. The contents were mixed thoroughly and incubated at room temperature 
for 60 min and then added 1 ml of TBA and 1 ml of TCA. All the tubes were kept in a 






absorbance of the supernatant was read in a spectrophotometer at 535 nm with reagent 
blank containing water in place of the extracts. Decreased absorbance of the reaction 
mixture indicated increased hydroxyl radical scavenging activity. The percentage 
scavenging was calculated using the formula in equation 5.  
3.8.4 Superoxide anion scavenging activity 
Superoxide anion scavenging activity of extract was determined by the method 
of Sannigrahi et al. (2009) with modifications. The assay was based on the superoxide 
anion generation from dissolved oxygen by phenazine methosulphate - reduced 
nicotinamide adenine dinucleotide (PMS–NADH) coupling reaction and reduction of 
nitroblue tetrazolium (NBT). Oxidation of NADH by PMS liberates PMSred, which 
inturn converts oxidized (NBToxi) to its reduced form (NBTred). This forms a violet 
colour complex indicating the generation of superoxide anion, which was measured 
spectrophotometrically at 560 nm. A decrease in the formation of color after addition 
of the antioxidant is a measure of its superoxide radical scavenging activity. 
 
Reagents  
 Methanol  
 Phosphate buffer – 100 mM, pH 7.4 
 Nitroblue tetrazolium (NBT) – 100 mM in phosphate buffer  
 Reduced nicotinamide adenine dinucleotide (NADH) – 100 mM in phosphate 
buffer  







To 1mL of NBT, 1 mL of NADH solution and varying volumes of   extracts 
(10, 20, 30, 40 and 50 µg GAE) were added and mixed well. The reaction was started 
by the addition of 100 L of PMS. The reaction mixture was incubated at 30°C for 15 
minutes. The absorbance was measured at 560 nm in a spectrophotometer. Incubation 
with water in place of extract was used as blank. GA was used as reference for 
comparison. Decreased absorbance of the reaction mixture indicated increased 
superoxide anion scavenging activity. The percentage scavenging was calculated as 
shown in equation 5.  
3.8.5 Assay of nitric oxide-scavenging activity 
The nitric oxide-scavenging activity of the plant extracts was evaluated by the 
phosphomolybdenum method (Nehir and Karakaya, 2004) 
Reagents 
 Griess reagent (1% sulfanilamide, 2% H3PO4 and 0.1% N-(1- naphthyl) 
ethylenediamine dihydrochloride 
 Sodium nitroprusside (10 mM) 
 Phosphate-buffered saline 
Procedure 
The procedure was based on the principle that sodium nitroprusside in aqueous 
solution at physiological pH spontaneously generates nitric oxide which interacts with 
oxygen to produce nitrite ions that can be estimated using Griess reagent (Nehir and 
Karakaya, 2004). Scavengers of nitric oxide compete with oxygen, leading to reduced 






phosphate-buffered saline, was mixed with different concentrations of each extracts 
dissolved in water and incubated at room temperature for 150 min. Following the 
incubation period, 0.5 ml of Griess reagent was added. The absorbance of the 
chromophore formed was read at 546 nm and Gallic acid was used as a standard. 
3.8.6 Reducing power 
The reducing power of plant extracts was determined by the method of Ferreira 
et al. (2007). Substances which have reduction potential react with potassium 
ferricynaide (Fe3+) to form potassium ferrocynaide (Fe2+), which then reacts with ferric 
chloride to form ferric-ferrous complex that has an absorption maximum at 700 nm. 
Increase in the reduction of ferric to ferrous ion increases the absorbance indicating 
the reducing ability of CSEt. 
 
Reagents  
 Phosphate buffer - 0.2 M, pH 6.6 
 Potassium ferricyanide - 1% in water 
 Trichloroacetic acid (TCA) - 10% in water 
 Ferric chloride -  0.1 w/v in water 
Procedure 
Varying concentrations of the extracts (10, 20, 30, 40 and 50 g GAE) in 
double distilled water was mixed with 2.5 mL of phosphate buffer and 2.5 mL of 
potassium ferricyanide. The mixture was incubated at 50°C for 20 min after which, 






0.5 mL of supernatant was mixed with 1 mL of distilled water and 0.5 mL of ferric 
chloride. The absorbance was measured at 700 nm in a spectrophotometer. GA was 
used as standard for comparison. Increased absorbance of the reaction mixture 
indicated increasing reducing power. Incubation with water in place of additive was 
taken as blank. 
3.9 Statistical analysis 
Statistical analysis was done using SPSS- 16.0 version for all the analysed 
parameters. Statistical analysis was performed using one-way analysis of variance 
(ANOVA) followed by Duncan’s Multiple Range Test (DMRT). The values are mean 







Chapter 4: Results 
 
4.1 Percentage yield of crude extracts 
Approximately, 28.1 g and 24.8 g extract was obtained from 200 g powder 
aerial parts of C. comosum and C. crinitum after 16 h of continuous extraction in 
chloroform. The partitioning of crude extract with different amounts of petroleum 
ether, chloroform, ethyl acetate, acetone and methanol are shown in Table 1 with their 
extract yield percentage.  
 
Table 1: Yield (%) of organic extracts from Calligonum comosum and Calligonum 
crinitum aerial parts with various solvents 
Sl. No. Solvent 
Extraction 
period (h) 





1 Petroleum ether 36 6.3 5.6 
2 Chloroform 36 5.2 3.8 
3 Ethyl acetate 36 4.6 5.3 
4 Acetone 36 4.1 3.6 
5 Methanol 36 7.9 6.5 
 
 
4.2 Preliminary phytochemical screening 
The results of the phytochemical composition of the aerial parts of C. comosum 
and C. crinitum in solvent extracts were given in Table 2 and 3. From phytochemical 
screening, we observed that the methanolic and ethylacetate extracts gave a positive 
result with the Molish test, which indicated the presence of monosaccharides and 
carbohydrates in the different extracts. The medicinal properties of these two plants 
are perhaps due to the presence of various secondarymetabolites of therapeutically 
importance. The major phytochemicals found were phenols, saponins, Tannins, 






absence of anthraquinines and volatile oil. Methanol extract yielded maximum 
phytochemicals.  








Flavonoid  Yellow colour 
persist 
++ +++ +++ + +++ 
Alkaloid  Orange 
precipitate 
++ ++ ++ + ++ 
Phenols  Blue color ++ ++ +++ ++ +++ 
Terpenoids Reddish brown 
colour 
+ + + + ++ 
Carbohydrate  Green colour + + + - + 
Tannin Green brownish 
color 
+ + ++ + ++ 
Protein White 
precipitate 
which turns red 
+ - + - ++ 
Steroids A reddish 
brown ring 
- - + - + 
Saponin  formation of 
emulsion 
+ - - - ++ 




brown ring of 
upper layer 
+ + + + + 
Anthraquinines Pink, violet or 
red coloration 
- - -  - 
Volatile oils White 
precipitate 
- - -  - 
Where +++ shows strong presence, ++ shows partially strong, + shows week and – shows 















Flavonoid  Yellow 
colour 
persist 
++ ++ +++ + +++ 
Alkaloid  orange 
precipitate 
++ ++ + + ++ 




+ + + + ++ 
Carbohydrate  Green 
colour 









+ - + + ++ 
Steroids A reddish 
brown ring 
+ - - + + 
Saponin  formation of 
emulsion 
+ - - - ++ 
Phlobatannin  red 
precipitate 








- + + - + 
Anthraquinines Pink, violet 
or red 
coloration 
- - - - - 
Volatile oils White 
precipitate 
- - - - - 
Where +++ shows strong presence, ++ shows partially strong, + shows week and – shows 







4.3 Antioxidant contents 
4.3.1 Total phenol content 
The quantitative determination of total phenol was carried out using Folin 
Ciocalteu reagent in terms of Gallic acid equivalent. Total phenol content is expressed 
as mg Gallic acid equivalent per gram dry extract weight (Table 4). In the 
concentration of total phenol contents (TPC), methanolic extract has the highest 
contents with a value of 67.41mg/ml. Total phenolic content was higher in methanol 
extracts of C. comosum and C. crinitum(53.03±4.2)than other four extracts. 
Table 4 : Total phenolics content of various extracts of the aerial parts ofCalligonum 
comosum and Calligonum crinitum 
Solvent Calligonum comosum Calligonum crinitum 
Petroleum ether 33.34±2.8a 29.62±2.2b 
Chloroform 19.32±1.7a 22.46±1.4b 
Ethyl acetate 52.36 ±3.1a 41.58 ±2.6b 
Acetone 32.18±1.6a 30.35±2.3a 
Methanol 67.41±3.9a 53.03±4.2b 
Total phenolics: mg of GAE/g of dry extract; Values are given as mean ±SD of six 
experiments in each group. Values, that are not sharing a common superscript (a,b) differ 
significantly at  P ≤ 0.05 (DMRT). 
4.3.2 Total flavonoid content 
Table 5 represents the analytical data for flavonoid content of the aqueous 
extract of C. comosum and C. crinitum. The total flavonoid content in methanolic 











Table 5 : Total flavonoid content of various extracts of the aerial parts of Calligonum 
comosum and Calligonum crinitum 
Solvent Calligonum comosum Calligonum crinitum 
petroleum ether 13.3± 0.9a 10.33±0.8b 
chloroform 25.30±1.6a 36.35±2.4b 
ethyl acetate 35.88±2.5a 36.2±2.2a 
acetone 8.3±0.06a 4.16±0.2b  
methanol 59.44 ±3.6a 45.17±3.4b 
Total flavonoids: mg of QE/g of dry extract; Values are given as mean ±SD of six 
experiments in each group. Values, that are not sharing a common superscript (a,b) differ 
significantly at  P ≤ 0.05 (DMRT). 
 
4.4 Proximate analysis 
Table 6 shows the proximate compositions of the aerial parts of C. comosum 
and C. crinitum. The determination of the proximate compositions was done in 
duplicates. All the data obtained were from dry basis and expressed in percentage (%). 
The ifbre and ash conten. were also high. The proximate compositions and calorific 
values calculated over dry weight of the samples. The carbohydrate, protein and 
moisture content revealed the presence of higher amount in C. comosum.  
Table 6 : Proximate analysis of Calligonum comosum and Calligonum crinitum 
Parameter 
Percentage values (dry weight basis) 
Calligonum comosum Calligonum crinitum 
Ash 10.93±0.03a 10.17±0.1a 
Dry matter 97.20±3.6a 96.7±4.1a 
NDF% 22.10±0.8a 24.4±1.2b 
Crude Protein% DM 7.09±0.02a 8.69±0.04a 
Fat (EE%) 5.79±0.002a 3.24±0.01b 
Moisture% 10.15±0.09a 9.33±0.22a 
Carbohydrate 43.90±2.2a 33.6±3.1b 
Values are given as mean ±SD of six experiments in each group. Values, that are not sharing 







4.5 Mineral analysis 
4.5.1 Microelements and macroelements 
Nutritional composition was analysed by measuring the elemental contents in 
aerial parts of plant species. Fe, Mn, Ca, K, Mg, S and Zn were presented in 
appreciable quantities and low concentrations of Pb, Co, Cd and Cu were observed in 
C. comosum and C. crinitum. The results of elemental analysis are given in Table 7 in 
mg/g dry weight of the samples. It is to be noticed that each outcome is a normal of no 
less than three autonomous estimations with an accuracy of about ± 1%. 
Table 7 : Mineral composition of Calligonum comosum and Calligonum crinitum 
Minerals 
Microelements (%) mg/Kg (ppm) 
C. comosum C. crinitum 
Zn 52.6 32.2 
Cu 2.89 3.10 
Cr 3.09 2.66 
Fe 18.4 20.8 
Pb 0.18 <0.011 
Mn 26.89 16.1 
Ni 5.48 4.32 
Cd 0.42 0.383 
Co 0.348 0.212 
 Macroelements (%) mg/Kg (ppm) 
C. comosum C. crinitum 
Ca 94.31 133.18 
Na 14.66.11 12.58 
K 61.70 87.17 
Mg 67.20 63.16 
S 29.84 24.46 







4.6 In vitro antioxidant activity 
4.6.1 ABTS radical scavenging activity 
The aerial parts of the two plant extracts were fast and effective scavengers of 
the ABTS radical (Figs. 1 a,b) and this activity was comparable to that of GAE. The 
percentage of inhibition was 61% and 71% for the plant extract and GAE respectively 
at 60 µg/mL concentration. The plant extract showed antioxidant activities, proving 
their capacity to scavenge ABTS. In ABTS+ scavenging activity the values are varied 
significantly (P < 0.05) and ranged from 10 to 160 µg GAE/g extract. Actually, the 
ABTS radical cation scavenging activity also reflects hydrogen-donating ability. The 
ABTS radical scavenging activities of C. comosumand C.crinitum were higher for the 



























Figure 1 : ABTS free radical scavenging activity of the solvent extracts of 
Calligonum comosum (a) and Calligonum crinitum (b) in comparison with Gallic 
acid 
CCM-Calligonum comosum, CCN-Calligonum crinitum, GAE-Gallic acid, CCNPE-Petrolium Ether extract, CCNCE-
Chloroform extract, CCNEAE-Ethyl Acetate extract, CCNAE-Acetone extract, CCNME-Methanol extract. Values are given as 
mean ±SD of six experiments in each group. Values, that are not sharing a common superscript (a,b,c,d,e,f) differ significantly 







4.6.2 DPPH free radical scavenging activity 
The free radical scavenging activity of the C.comosum and C.crinitum was 
tested using DPPH scavenging system (Fig. 2 a,b). In the DPPH method, the principle 
is that the compound or extract with antioxidant action react with the stable free radical 
i.e., α, α diphenyl-β-picrylhydrazyl (deep violet colour) and convert it to α, α-diphenyl-
β-picrylhydrazine with a markable discoloration. The different solvent extract of C. 
comosum and C.crinitum exhibited a significant concentration dependent inhibition of 
DPPH activity, with a 50% inhibition (IC50) at a concentration of the two plants are 35 
and 36 µg/mlrespectively. The IC50 value of the extract was found to be close to that 
of the standard; GAE (30 µg/ml). Compared to GAE the extract exhibited a similar 
curve of antioxidant activity. The methanolic extracts of C. comosum at 80µg/ml 
showed strong radical scavenging activity with percentage of 84% whereas methanolic 
extract of C. crinitum showed relatively decreased free radical scavenging activity of 
72%. This result demonstrated that Calligonum species extracts has inhibitory activity 
against the DPPH radical. 
4.6.3 Hydroxyl radical scavenging activity 
The percentage hydroxyl radical-scavenging activity of C. comosum and C. crinitum 
at various concentrations are presented in Fig. 3a, b. The two Calligonum species and GAE 
showed significant inhibitory activity in a dose-dependent manner. The potential of 
extracts to inhibit hydroxyl-radical-mediated deoxyribose damage was assessed at a 
concentration of 10—160 μg/mL. CCMME shows the maximum inhibition was 84% at 160 
µg. the concentration needed for 50% inhibition was 54 µg GAE. The radical scavenging 
capacity may be attributed to phenolic compounds in petroleum ether, chloroform, ethyl 






Figure 2 : DPPH radical scavenging activity of the different extracts of Calligonum 
comosum (a) and Calligonum crinitum (b) in comparison with Gallic acid 
 
CCM-Calligonum comosum, CCN-Calligonum crinitum, GAE-Gallic acid, CCNPE-Petrolium Ether extract, CCNCE-
Chloroform extract, CCNEAE-Ethyl Acetate extract, CCNAE-Acetone extract, CCNME-Methanol extract 
Values are given as mean ±SD of six experiments in each group. Values, that are not sharing a common superscript (a,b,c,d,e,f) 








Figure 3 : Hydroxyl radical scavenging action of different extracts of Calligonum 
comosum (a) and Calligonum crinitum (b) in comparison with Gallic acid 
 
CCM-Calligonum comosum, CCN-Calligonum crinitum, GAE-Gallic acid, CCNPE-Petrolium Ether extract, CCNCE-
Chloroform extract, CCNEAE-Ethyl Acetate extract, CCNAE-Acetone extract, CCNME-Methanol extract 
Values are given as mean ±SD of six experiments in each group. Values, that are not sharing a common superscript (a,b,c,d,e,f) 







4.6.4 Superoxide radicals scavenging activity 
At 10–160 μg, the superoxide scavenging activity of the different extracts of the 
two plant were 49-83%, and that of the standard GAE was 37–58%. The superoxide 
scavenging activity and standard Gallic acid is shown in Figs. 4a, b. The percentage 
inhibition increased with sample concentration of the extracts. The increase in activity may 
be due to increase in number of phenolic hydroxyl groups in the molecule. 
4.6.5 Nitric oxide scavenging 
The scavenging of nitric oxide increased in a dose dependent manner by C. 
comosum and C.crinitum extracts. The ethyl acetate extract showed moderate nitric 
oxide scavenging activity (Figs. 5a,b) at the concentration of 80 µg when compared to 
standard GAE. When compared to methanolic extracts, the ethyl acetate extract 
showed very less number of phytochemicals. 
4.6.6 Reducing power 
Figure 6a, b shows the reducing power of different extracts of C. comosum and 
C. crinitum. The concentrations tested were in the range of 10 to 160 µg/ml compared 
to GAE. When compared to the standard the reducing power was highly significant in 
all the extracts. Both in C. comosum and C. crinitum, the standard didn’t show a 
significance in the case of different doses, but the extracts had significant difference 
in concentration and activity relations. Among the extracts, the methanolic concentrate 
of C. comosum and C. crinitum displayed a significant dose dependent inhibition of 







Figure 4 : Superoxide radical scavenging activity of the different extracts of 
Calligonum comosum (a) and Calligonum crinitum (b) from the aerial parts of plants 
CCM-Calligonum comosum, CCN-Calligonum crinitum, GAE-Gallic acid, CCNPE-Petrolium Ether extract, CCNCE-
Chloroform extract, CCNEAE-Ethyl Acetate extract, CCNAE-Acetone extract, CCNME-Methanol extract 
Values are given as mean ±SD of six experiments in each group. Values, that are not sharing a common superscript (a,b,c,d,e,f) 







Figure 5 : Scavenging effect of the different extracts of Calligonum comosum (a), 
Calligonum crinitum (b) and standard Gallic acid on Nitric oxide radical 
 
CCM-Calligonum comosum, CCN-Calligonum crinitum, GAE-Gallic acid, CCNPE-Petrolium Ether extract, CCNCE-
Chloroform extract, CCNEAE-Ethyl Acetate extract, CCNAE-Acetone extract, CCNME-Methanol extract 
Values are given as mean ±SD of six experiments in each group. Values, that are not sharing a common superscript (a,b,c,d,e,f) 







Figure 6 : Reducing power of methanolic extracts of the different extracts of 
Calligonum comosum (a), Calligonum crinitum (b) as compared to Gallic acid 
 
CCM-Calligonum comosum, CCN-Calligonum crinitum, GAE-Gallic acid, CCNPE-Petrolium Ether extract, CCNCE-
Chloroform extract, CCNEAE-Ethyl Acetate extract, CCNAE-Acetone extract, CCNME-Methanol extract 
Values are given as mean ±SD of six experiments in each group. Values, that are not sharing a common superscript (a,b,c,d,e,f) 







Chapter 5: Discussion 
 
5.1 Preliminaryphytochemical screening 
The methanol extract of C. comosum and C. crinitumgave higher percentage of 
yield when compared to other extracts. This might result from the high polarity of 
methanolic solvent which can draw high variety of plant constituents than the other 
solvents did (Paulsamy and Jeeshna, 2011). Various classes of bioactive chemical 
constituents are present in different extract of C. comosum including polyphenols 
(tannins and flavonoids), steroids, alkaloid, carbohydrate glycosides, cardiac 
glycosides, and terpenoids There was significant amount of flavonoids, phenolic 
compounds, and tannins in some of the plant extracts, and it is well established that 
flavonoids are responsible for antioxidant properties (Ortega, 2006). These 
phytochemicals contribute significantly to protection against infection and 
degenerative diseases (Nile and Park, 2014). 
Tannins are famous for their usage in the treatment of inflamed or ulcerated 
tissues and they have anticancer properties as well. Thus, Calligonum species which 
are high in tannin can be a good candidate for cancer treatment. Saponins have been 
reported to exhibit many properties like anti-inflammatory, fungistatic and molluscidal 
(Latha and Yasodamma, 2015). 
5.2 Total phenolic content 
There were significant phenol contents in both C. comosum and C. crinitum 
extracts. Generally, phenolics are directly proportional to the antioxidative potential 
of the extracts. These plant metabolites characterized by the presence of several phenol 






radicals due to their ability to donate a hydrogen atom or an electron (Petti and Scully, 
2009; Deighton et al., 2000). There are many studies on the activity of phenolics in 
antioxidant potentials of many medicinal plants. And have potential biological 
activities such as antioxidant, antidiabetic, hepatoprotective, anti-inflammatory, 
antimicrobial, anticancer etc., (Sulaiman et al., 2011).  
5.3 Total flavonoid contents 
All the extracts of both the plants showed the presence of significant amounts 
of flavonoids. The role of flavonoids in human nutrition and health is inevitable due 
to their antioxidant activity. The assistance in chelating process is the basic mechanism 
of action of flavonoids (Kessler et al., 2003) and can suppress ROS formation and 
protect cells through antioxidant defenses (Agati et al., 2012). There are reports 
showing flavonoid rich diet could reduce somehuman diseases (Dehpour et al., 2009). 
The significant phenol and flavonoid contents may be the reason for antioxidant 
activity in C.comosum and C.crinitumplants. 
5.4 Proximate analysis 
Generally, in food materials, the ash content contributes the residue remaining 
after all the moisture has been removed and can be considered as a measure of the 
mineral content of the original food (Onwuka, 2005). The measurement of moisture 
content is very important in the processing, preservation and storage of food (Onwuka, 
2005). 
Protein content analysis is basic for the characterization offood type (Jones et 
al., 1987). According to Pamela et al. (2005), even though the proteins from plant 






value. Wild edible plants high in carbohydrate are very good because carbohydrates 
provide energy which helps the body meet up with daily activities. C.comosum and 
C.crinitum are high in carbohydrate content are more advantageous. Carbohydrate are 
naturally occurring compounds in plants and animals which can be utilized in diet as 
well as many industries (Oladele and Oshodi, 2007). 
All the aerial parts of C.comosum and C.crinitumshowed rich contents of crude 
fibre and falls in the range of standard recommendation for fiber in diet (Ishidaa et al., 
2015). There is a positive correlation between fats and ash and both Calligonum 
species showed a moderate value which are in accordance with the standard 
recommended by World Health Organization for herbal preparations (Lavhale and 
Mishra, 2007). 
5.5 Microelements and macroelements 
Herbal plants also have lots of health benefits attributed to their nutritional content. 
The minerals are necessary to build and maintain strong bones and to retain normal 
function of heart, muscles, kidneys and nerves (Pandey and Rizvi, 2009). Sodium and 
potassium are major cations and involved in the regulation of plasma volume, acid-base 
balance, nerve and muscle contraction. Calcium is an important mineral in plant and has 
many vital role in human and animal life and the deficiency causes poor development, 
growth and different abnormalities (Hotz and Brown, 2004).  
Manganese is considered as an antioxidant nutrient and is essential for the 
breakdown of fats and cholesterol (Chaturvedi et al., 2004). Lack of magnesium can 
be responsible for tetany, tuberculosis, diabetes, cancer and all nervous diseases 






enzymes which are involved in carbohydrate metabolism and glucose oxidation; it may 
play a significant role in the release of insulin and the maintenance of the pancreatic 
β-cells (Serdar et al., 2009). 
In the present study, the concentrations of K and Ca were found to be high in 
the two medicinal plant followed by the remaining elements in trace levels. Copper 
and zinc are essential but needed only in traces. Copper deficiency may be risk factor 
for cardiovascular disease. When overt copper deficiency occurs, symptoms include 
neutropenia, cardiac disorders, osteoporosis and anaemia (Kumar et al., 2004; 
Osredkar and Sustar, 2011).Zinc is acomponent of many metalloenzymes and aids 
wound healing and metabolism of nucleic acid and insulin (Annan et al., 2010).  The 
high concentration of these minerals is advantageous in herbal therapy and diet 
nutrients as well (Agomuo, 2011). 
5.6 In vitroantioxidant analysis 
The results suggest that C. comosum and C. crinitum have moderate to potent free 
radical scavenging activity.Nevertheless, the great antioxidant potential will be of 
immense benefit from the consumption of this plant extract. In biological systems, the 
production of free radicals is spontaneous with the various metabolic processes. The 
production of free radicals can create many damages and diseases including diabetes 
mellitus, chronic inflammation, neurodegenerative disorders and cancer (Yazdanparast et 
al., 2008). Due to the complex nature of phytochemicals, a single method to evaluate the 
antioxidants activity cannot be evaluated. In this context, different standard methods were 
used to validate nature of plant extract in terms of antioxidants. Therefore, research for the 






5.6.1 ABTS●+ radical cation decolorization assay 
The ABTS assay gives an ABTS radical cation, which has blue-green 
chromophore absorption prior to the addition of antioxidants (Ak and Gülçin, 2008). 
Plant extract can cause radical cation reduced to ABTS in a concentration-dependent 
manner. The ABTS activities of the two plant extracts were similar and comparable to 
that of GAE and the more extracts used, the quenching also increased. The antioxidant 
activity of the natural products, including carotenoids, phenolic compound, and 
antioxidant are revealed through this assay (Deepa and Anuradha, 2011). ABTS is 
widely used to assess the ROS scavenging ability of various antioxidants commonly 
found in plant extracts (Alnajar et al., 2012).   
5.6.2 DPPH● radical scavenging assay 
The extracts of C. comosum and C. crinitum showed significant antioxidant 
activities when analyzed with DPPH, a stable free radical. As DPPH attracts one electron 
in combination with a free radical quenching substance, the absorption decreases and 
the discoloration can be measured (Silva et al., 2005). In the presence of an antioxidant, 
possibly in the extract DPPH radical form a stable molecule by gaining one more 
electron or hydrogen atom from the antioxidant (Bhuiyan et al., 2009). The different 
extracts of Calligonum species showed potent activities in DPPH assay. Among the 
various solvent extracts tested, the methanol extracts of aerials parts of C. comosum and 
C. crinitum exhibited higher DPPH• radical scavenging activity. The scavenging ability 
of different extracts suggests that they might be electron donors and react with free 






5.6.3 Hydroxyl radical scavenging assay 
Another important and most deleterious free radical is hydroxyl radical. It can 
almost every molecule found in living cells (Lee et al., 2003). Hydroxyl radicals can 
cause breaks in DNA and can create carcinogenesis, mutagenesis etc., (Lipinski 2011). 
Recently many studies reported the action of many of the plant extracts in scavenging 
this radical (Joseph and Priya, 2011). The extracts from plants contain a lot of free 
radical scavenging organic molecules, such as flavonoids, phenols etc., which can help 
in the quenching of this type of radicals (Choi et al., 2002). 
5.6.4 Superoxide anion scavenging activity 
Superoxide anions are among the important agents for the formation of reactive 
oxygen species and create oxidative damage in cells (Pietta, 2000). Inhibition of 
superoxide generation by Calligonum may be due to the presence of flavonoids and 
polyphenols. The superoxide scavenging activity of the two native plants was 
investigated, because the extract has the potential to scavenge superoxide anions. The 
decrease absorbance in the presence of the plant extract indicates the consumption of 
superoxide anion in the reaction mixture. It is one of the strongest free radicals in vivo 
and is generated in a variety of biological systems, either by oxidation processes or by 
enzymes. The concentration of O2.- increases under conditions of oxidative stress (Lee 
et al., 2003). Production of reactive oxygen and nitrogen species can act as initiators 
of apoptosis by increasing mitochondrial membrane permeability, which resulted in 






5.6.5 Nitric oxide scavenging activity 
The important reactive radical nitric oxide (NO) is produced in the living 
system by means of many of the stresses and which is deleterious in its effect in 
creating many undesirable effects (Lobo et al., 2010). C. comosum and C. 
crinitumextracts reduced this radical to a significant extent. Jagetia and Baliga (2004) 
reported the nitric oxide scavenging activity in some of the Indian medicinal 
plants.Saha et al. (2004) showed antioxidant and nitric oxide inhibitory activities from 
a variety of medicinal plants grown in Malaysia. In this study, there was significant 
scavenging of nitric oxide by extracts of C. comosum and C. crinitum. 
5.6.6 Reducing power 
The antioxidant activity of a given extract or molecule can be evaluated based 
on reducing capacity (López-Alarcón and Denicola, 2013). The breaking of the free 
radical chain with the provision of donation of hydrogen atom is the general property 
of the compound in inducing the reducing power (Ou et al., 2002). The absorbance of 
C. comosum clearly increased, due to the formation of the Fe2
+-TPTZ complex with 
higher contents. It means, they are donating electrons to free radicals. As shown in the 
result, the reducing power of the plant extract was higher when compared with the 
standard gallic acid. In this study, the reducing power of C. comosum and C. crinitum 








Chapter 6: Conclusion 
 
The screening of medicinal plants for potential biological activities and 
compounds are really important for the production new drugs.  In this study, the 
traditionally used medicinal plants of UAE, Calligonum comosum and C. 
crinitumwere studied for elucidating their medicinal potentials with an aim to 
scientifically validate their traditional medicinal uses. 
Plants from both the species were collected from the Al-Foah Experimental 
Station of College of Food and Agriculture. The plants were shade dried and 
powdered. The extraction was done with petroleum ether, chloroform, ethyl acetate, 
acetone and methanol solvents. These extracts were used for phytochemical analysis, 
total phenolics and flavonoid contents. The plant powder was analysed for proximate 
composition and elemental contents. The extracts were tested for their antioxidant 
activity by in vitro antioxidant assays like ABTS, DPPH, Hydroxyl radical, superoxide 
radical and reducing power estimation. 
The results exhibited a positive linear correlation between the phytochemicals 
such as saponins, flavonoids, tannins, and terpenes and the free radical scavenging 
activities. On the basis of the above experiments of in vitroantioxidant assays, indicate 
that plant extracts showing higher antioxidant activity and higher phenol and flavonoid 
contents could be significant source of natural compounds, which might be helpful in 
preventing the progress of various oxidative stresses and its related disorders. With 
this kind of investigation, it would be easier to treat and prevent the damages occurring 
due to the free radicals.  
More detailed studies on chemical composition of the plant extracts, as well as 






are future prospects of this study. Future studies will concentrate more on the use of 
extracts of these plants in laboratory animals in order to determine their metabolic 
effects to be assessed prior to their clinical uses. However, the components responsible 
for the antioxidative activity of the extract of Calligonum species are currently unclear. 
Therefore, it is suggested that further work could be done on the isolation and 











Abdo, W., Hirata, A., Shukry, M., Kamal, T., Abdel-Sattar, E., Mahrous, E., & Yanai, 
T. (2015). Calligonum comosum extract inhibits diethylnitrosamine-induced 
hepatocarcinogenesis in rats. Oncology Letters, 10(2), 716-722. 
Agati, G., Azzarello, E., Pollastri, S., & Tattini, M. (2012). Flavonoids as antioxidants 
in plants: location and functional significance. Plant Science, 196, 67-76. 
Agomuo EN (2011) Proximate, phytochemical, and mineral element analysis of the 
sclerotium of Pleurotus tuber-regium. International Science Research Journal 
3, 104 – 107. 
Ahmed, H., Moawad, A., Owis, A., AbouZid, S., & Ahmed, O. (2016). Flavonoids of 
Calligonum polygonoides and their cytotoxicity. Pharmaceutical Biology, 
54(10), 2119-2126. 
Ahmed, M. N., Gowan, M., Azam, M. N. K., Mannan, M. A., & Rahman, M. M. 
(2015). Clinical appraisals and phytochemical potential of 
ethnomedicinalpteridophyte: Drynaria quercifolia (L.) J. Smith (Polypodiaceae). 
Newsletter, 1, 4-17. 
Ak, T., & Gülçin, İ. (2008). Antioxidant and radical scavenging properties of 
curcumin. Chemico-Biological Interactions, 174(1), 27-37. 
Akinmoladun, A. C., Ibukun, E. O., Afor, E., Obuotor, E. M., & Farombi, E. O. (2007). 
Phytochemical constituent and antioxidant activity of extract from the leaves 
of Ocimum gratissimum. Scientific Research and Essays, 2(5), 163-166. 
Al Ameri, S. A., Al Shaibani, F. Y., Cheruth, A. J., Al-Awad, A. I., Al-Yafei, M. A., 
Karthishwaran, K., & Kurup, S. S. (2014). Comparative phytochemical 
analysis of Moringa oleifera and Moringa peregrina. Pharmacologyonline, 3, 
216-221.  
Alnajar, Z. A. A., Abdulla, M. A., Ali, H. M., Alshawsh, M. A., & Hadi, A. H. A. 
(2012). Acute toxicity evaluation, antibacterial, antioxidant and 
immunomodulatory effects of Melastoma malabathricum. Molecules, 17(3), 
3547-3559. 
Aly, H. A., Alahdal, A. M., Nagy, A. A., Abdallah, H. M., Abdel�Sattar, E. A., & 






1260�induced testicular toxicity in adult rats. Environmental Toxicology, 
32(4), 1147-1157. 
Amaechi, N. C. (2009). Nutritive and anti-nutritive evaluation of wonderful kola 
(Buccholzia coricea) seeds. Pakistan Journal of Nutrition, 8(8), 1120-1122. 
Annan, K., Kojo, A. I., Cindy, A., Samuel, A. N., & Tunkumgnen, B. M. (2010). 
Profile of heavy metals in some medicinal plants from Ghana commonly used 
as components of herbal formulations. Pharmacognosy Research,  
2(1), 41. 
A.O.A.C. (1990). Official methods of analysis, association of analytical chemists.15th 
ed., Washington D. C. USA., 1121–1180. 
AOAC. (1995).In: Horwitz W, editor. Official methods of analysis. 
Washington:Association of Official Analytical Chemists. 
Aprioku, J. S. (2013). Pharmacology of free radicals and the impact of reactive oxygen 
species on the testis. Journal of Reproduction & Infertility, 14(4), 158. 
Arunkumar, S., & Muthuselvam, M. (2009). Analysis of phytochemical constituents 
and antimicrobial activities of Aloe vera L. against clinical pathogens. World 
Journal of Agricultural Sciences, 5(5), 572-576. 
Auddy, B., Ferreira, M., Blasina, F., Lafon, L., Arredondo, F., Dajas, F and Mukherjee, 
B. (2003). Screening of antioxidant activity of three Indian medicinal plants, 
traditionally used for the management of neurodegenerative diseases. Journal of 
Ethnopharmacology, 84(2), 131-138. 
Bannour, M., Lachenmeier, D. W., Straub, I., Kohl-Himmelseher, M., Khadhri, A., 
Aschi-Smiti, S., & Belgacem, H. (2016). Evaluation of Calligonum azel Maire, 
a North African desert plant, for its nutritional potential as a sustainable food 
and feed. Food Research International, 89, 558-564. 
 Bhuiyan, M. A. R., Hoque, M. Z., & Hossain, S. J. (2009). Free radical scavenging 
activities of Zizyphus mauritiana. World Journal of Agricultural Science, 5(3), 
318-322. 
Bi, J. L., & Felton, G. W. (1995). Foliar oxidative stress and insect herbivory: primary 
compounds, secondary metabolites, and reactive oxygen species as 
components of induced resistance. Journal of Chemical Ecology, 21(10), 1511-
1530. 
Birben, E., Sahiner, U. M., Sackesen, C., Erzurum, S., & Kalayci, O. (2012). Oxidative 






Brand-Williams, W., Cuvelier, M. E., & Berset, C. L. W. T. (1995). Use of a free 
radical method to evaluate antioxidant activity. LWT-Food Science and 
Technology, 28(1), 25-30. 
Bravo, L. (1998). Polyphenols: chemistry, dietary sources, metabolism, and nutritional 
significance. Nutrition Reviews, 56(11), 317-333. 
Cathrine, L., & Nagarajan, N. P. (2011). Preliminary phytochemical analysis and 
antibacterial activity of leaf extracts of Vitex leucoxylon LF. International 
Journal of Current Pharmacy Research, 3, 71-3.  
Chaturvedi, U. C., Shrivastava, R., & Upreti, R. K. (2004). Viral infections and trace 
elements: a complex interaction. Current Science, 87(11), 1536-54. 
Choi, C. W., Kim, S. C., Hwang, S. S., Choi, B. K., Ahn, H. J., Lee, M. Y., & Kim, S. 
K. (2002). Antioxidant activity and free radical scavenging capacity between 
Korean medicinal plants and flavonoids by assay-guided comparison. Plant 
Science, 163(6), 1161-1168. 
Claude, B., & Paule, S. (1979). The manual of natural living. Biddles Limited 
Guildford Surrey, 98-99. 
Deepa, B., & Anuradha, C. V. (2011). Antioxidant potential of Coriandrum sativum 
L. seed extract. International Journal of Experimental Biology, 49, 30-38. 
Degheidy, N. S., Sharaf, E. M., & Fathi, S. M. (2013). Field evaluation of anthelmentic 
efficacy of Calligonum comosum against Fasciolosis in sheep at Taif KSA. 
Global Veterinaria, 11(4), 377-384. 
Dehpour, A. A., Ebrahimzadeh, M. A., Fazel, N. S., & Mohammad, N. S. (2009). 
Antioxidant activity of the methanol extract of Ferula assafoetida and its 
essential oil composition. Grasas y aceites, 60(4), 405-412. 
Deighton, N., Brennan, R., Finn, C., & Davies, H. V. (2000). Antioxidant properties 
of domesticated and wild Rubus species. Journal of the Science of Food and 
Agriculture, 80(9), 1307-1313. 
Djeridane, A., Yousfi, M., Nadjemi, B., Vidal, N., Lesgards, J. F., & Stocker, P. 
(2007). Screening of some Algerian medicinal plants for the phenolic 
compounds and their antioxidant activity. European Food Research and 
Technology, 224(6), 801-809. 
Edeoga, H. O., Okwu, D. E., & Mbaebie, B. O. (2005). Phytochemical constituents of 







Dehghan, G., Shafiee, A., Ghahremani, M. H., Ardestani, S. K., & Abdollahi, M. 
(2007). Antioxidant potential of various extracts from Ferula szovitsiana. in 
relation to their phenolic content. Pharmaceutical Biology, 45(9), 691-699. 
El Gharras, H. (2009). Polyphenols: food sources, properties and applications–a 
review. International Journal of Food Science & Technology, 44(12),  
2512-2518. 
Falodun, A. B. I. O. D. U. N., & Irabor, E. E. (2008). Phytochemical, proximate, 
antioxidant and free radical scavenging evaluations of Calliandria 
surinamensis. Acta Poloniae Pharmaceutica : Drug Research, 65, 571-575. 
Fang, Y. Z., Yang, S., & Wu, G. (2002). Free radicals, antioxidants, and nutrition. 
Nutrition, 18(10), 872-879. 4(14), 1370-1373. 
Fatma, G., Mouna, B. F., Mondher, M., & Ahmed, L. (2014). In-vitro assessment of 
antioxidant and antimicrobial activities of methanol extracts and essential oil 
of Thymus hirtus sp. algeriensis. Lipids in Health and Disease, 13(1), 114. 
Ferreira, I. C., Baptista, P., Vilas-Boas, M., & Barros, L. (2007). Free-radical 
scavenging capacity and reducing power of wild edible mushrooms from 
northeast Portugal: Individual cap and stipe activity. Food Chemistry, 100(4), 
1511-1516. 
Gangwar, M., Gautam, M. K., Sharma, A. K., Tripathi, Y. B., Goel, R. K., & Nath, G. 
(2014). Antioxidant capacity and radical scavenging effect of polyphenol rich 
Mallotus philippenensis fruit extract on human erythrocytes: an in vitro study. 
The Scientific World Journal, 2014. 
García-Ruiz, A., Girones-Vilaplana, A., León, P., Moreno, D. A., Stinco, C. M., Meléndez-
Martínez, A. J., & Ruales, J. (2017). Banana passion fruit (Passiflora mollissima 
(Kunth) LH Bailey): microencapsulation, phytochemical composition and 
antioxidant capacity. Molecules, 22(1), 85. 
Ghazanfar, S. A. (1994). Handbook of Arabian medicinal plants. CRC press. 
Ghazanfar, S. A., & Fisher, M. (Eds.). (2013). Vegetation of the Arabian peninsula 
(Vol. 25). Springer Science & Business Media. 
Hagerman, A. E. (2012). Fifty years of polyphenol-protein complexes. Recent 
Advances in Polyphenol Research, 3, 71-97. 
Halliwell, B., Gutteridge, J. M., & Aruoma, O. I. (1987). The deoxyribose method: a 
simple “test-tube” assay for determination of rate constants for reactions of 







Halliwell, B., Rafter, J., & Jenner, A. (2005). Health promotion by flavonoids, 
tocopherols, tocotrienols, and other phenols: direct or indirect effects? 
Antioxidant or not?. The American Journal of Clinical Nutrition, 81(1), 268S-
276S. 
Harborne, A. J. (1998). Phytochemical methods a guide to modern techniques of plant 
analysis. Springer Science & Business Media. 
Hotz, C., & Brown, K. H. (2004). Assessment of the risk of zinc deficiency in 
populations and options for its control. Food and Nutrition Bulletin, 25(1), 194-
195. 
Ishida, H., Suzuno, H., Sugiyama, N., Innami, S., Tadokoro, T., & Maekawa, A. 
(2000). Nutritive evaluation on chemical components of leaves, stalks and 
stems of sweet potatoes (Ipomoea batatas poir). Food Chemistry, 68(3), 359-
367. 
Jagetia, G. C., & Baliga, M. S. (2004). The evaluation of nitric oxide scavenging 
activity of certain Indian medicinal plants in vitro: a preliminary study. Journal 
of Medicinal Food, 7(3), 343-348. 
Jones, M. M. (1987). Chemistry and society. Saunders College Publishing. 
Jongbloed, M., Feulner, G., Böer, B., & Western, A. R. (2003). The comprehensive 
guide to the wild flowers of the United Arab Emirates. Environmental Research 
and Wildlife Development Agency. 
Joseph, B and Priya, M. (2011). Review on nutritional, medicinal and pharmacological 
properties of guava (Psidium guajava Linn.). International Journal of Pharma 
and Bio Sciences, 2(1), 53-69. 
Kessler, M., Ubeaud, G., & Jung, L. (2003). Anti�and pro�oxidant activity of rutin and 
quercetin derivatives. Journal of Pharmacy and Pharmacology, 55(1), 131-142. 
Kharat, S. S., Kumkar, P. B., Siddhesh, R. R., & Sonawane, K. S. (2013). Qualitative 
phytochemical screening of Gnidia glauca (Fresen) Gilg. plant extract. 
InternationalJournal of Pharma and Bio Sciences, 4(4), 144-148. 
Knevel, A. L., & Digangi, F. F. (1977). Jenkin’s Quantitative Pharmaceutical Chem. 
Krishnaiah, D., Sarbatly, R., & Bono, A. (2007). Phytochemical antioxidants for health 
and medicine a move towards nature. Biotechnology and Molecular Biology 






Kumar, N., Gross, J. B., & Ahlskog, J. E. (2004). Copper deficiency myelopathy 
produces a clinical picture like subacute combined degeneration. Neurology, 
63(1), 33-39. 
Kumar, R.S., Gupta, M., Mazumdar, U.K., Rajeshwar, Y., Kumar, T.S., Gomath, P. & 
Roy, R. (2005). Effects of methanol extracts of Caesalpinina bonducella and 
Bauhinia racemosa on hematology and hepatorenal function in mice. The 
Journal of Toxicological Sciences. 30(4): 265-274. 
Lalaleo, L., Khojasteh, A., Fattahi, M., Bonfill, M., M Cusido, R., & Palazon, J. 
(2016). Plant anti-cancer agents and their biotechnological production in plant 
cell biofactories. Current Medicinal Chemistry, 23(39), 4418-4441. 
Latha, A. S., & Yasodamma, N (2015). Quantitative phytochemical evaluation of 
Indigofera hirsuta L. plant parts.International Journal of Pharma Research & 
Review, 4(5):1-5. 
Lavhale, M. S., & Mishra, S. H. (2007). Evaluation of free radical scavenging activity 
of Butea monosperma Lam.Indian Journal of Experimental Biology, 45, 376-
384. 
Lee, K. W., Kim, Y. J., Lee, H. J., & Lee, C. Y. (2003). Cocoa has more phenolic 
phytochemicals and a higher antioxidant capacity than teas and red wine. 
Journal of Agricultural and Food Chemistry, 51(25), 7292-7295.  
Lee, S. (2006). Encyclopedia of chemical processing (Vol. 1). Taylor & Francis US. 
Liou, G. Y., & Storz, P. (2010). Reactive oxygen species in cancer. Free Radical 
Research, 44(5), 479-496. 
Lipinski, B. (2011). Hydroxyl radical and its scavengers in health and disease. 
Oxidative Medicine and Cellular Longevity, 2011. 
Liu, X. M., Zakaria, M. N. M., Islam, M. W., Radhakrishnan, R., Ismail, A., Chen, H. 
B., & Al-Attas, A. (2001). Anti-inflammatory and anti-ulcer activity of 
Calligonum comosum in rats. Fitoterapia, 72(5), 487-491. 
Lobo, V., Patil, A., Phatak, A., & Chandra, N. (2010). Free radicals, antioxidants and 
functional foods: Impact on human health. Pharmacognosy Reviews, 4(8), 118. 
López-Alarcón, C., & Denicola, A. (2013). Evaluating the antioxidant capacity of 
natural products: A review on chemical and cellular-based assays. Analytica 
Chimica Acta, 763, 1-10. 
Mahato SB, Sen S (1997) Advances in triterpenoid research, 1990-1994. 






Mandaville, J. P. (1986). Plant life in the Rub'al-Khali (the Empty Quarter), south-
central Arabia. Proceedings of the Royal Society of Edinburgh. Section B. 
Biological Sciences, 89, 147-157. 
Marete, E. N., Jacquier, J. C and O’Riordan, D. (2009). Effects of extraction 
temperature on the phenolic and parthenolide contents, and colour of aqueous 
feverfew (Tanacetum parthenium) extracts. Food Chemistry, 117(2), 226-231. 
Mira, L., Tereza Fernandez, M., Santos, M., Rocha, R., Helena Florêncio, M., & 
Jennings, K. R. (2002). Interactions of flavonoids with iron and copper ions: a 
mechanism for their antioxidant activity. Free Radical Research, 36(11), 1199-
1208. 
Nehir El, S., & Karakaya, S. (2004). Radical scavenging and iron-chelating activities 
of some greens used as traditional dishes in Mediterranean diet. International 
Journal of Food Sciences and Nutrition, 55(1), 67-74. 
Nile, S. H., & Park, S. W. (2014). Edible berries: Bioactive components and their effect 
on human health. Nutrition, 30(2), 134-144. 
Nita, M., & Grzybowski, A. (2016). The role of the reactive oxygen species and 
oxidative stress in the pathomechanism of the age-related ocular diseases and 
other pathologies of the anterior and posterior eye segments in adults. 
Oxidative Medicine and Cellular Longevity, 2016. 
Novak, W. K., & Haslberger, A. G. (2000). Substantial equivalence of antinutrients 
and inherent plant toxins in genetically modified novel foods. Food and 
Chemical Toxicology, 38(6), 473-483.  
Oladele, P. E., & Oshodi, A. A. (2007). Nutritional potential of Berlandier nettle spurge 
(Jatropha cathartica) seed. Pakistan Journal of Nutrition, 6(4), 345-348. 
Olorunniyi, O. F., & Morenikeji, O. A. (2013). The extent of use of herbal medicine 
in malaria management in Ido/Osi Local Government Area of Ekiti State, 
Nigeria. Journal of Medicinal Plants Research, 7(42), 3171-3178. 
Onwuka, G. I. (2005). Food analysis and instrumentation: theory and practice. 
Naphthalic prints, Surulere, Lagos, Nigeria, 219-230. 
Ortega, R. M. (2006). Importance of functional foods in the Mediterranean diet. Public 
Health Nutrition, 9(8A), 1136-1140. 
Osredkar, J., & Sustar, N. (2011). Copper and zinc, biological role and significance of 
copper/zinc imbalance. Journal of Clinical Toxicology, 3(2161), 0495. 
Ou, B., Huang, D., Hampsch-Woodill, M., Flanagan, J. A., & Deemer, E. K. (2002). 






radical absorbance capacity (ORAC) and ferric reducing antioxidant power 
(FRAP) assays: a comparative study. Journal of Agricultural and Food 
Chemistry, 50(11), 3122-3128. 
Palombo, E. A. (2006). Phytochemicals from traditional medicinal plants used in the 
treatment of diarrhoea: modes of action and effects on intestinal function. 
Phytotherapy Research, 20(9), 717-724. 
Pamela, C. C., Richard, A. H., & Denise, R. F. (2005). Lippincotts illustrated Reviews 
Biochemistry. 
Pandey, K. B., & Rizvi, S. I. (2009). Plant polyphenols as dietary antioxidants in 
human health and disease. Oxidative Medicine and Cellular Longevity, 2(5), 
270-278. 
Pandey, M., Abidi, A. B., Singh, S., & Singh, R. P. (2006). Nutritional evaluation of 
leafy vegetable paratha. Journal of Human Ecology, 19(2), 155-156. 
Paulsamy, S., & Jeeshna, M. V. (2011). Preliminary phytochemistry and antimicrobial 
studies of an endangered medicinal herb Exacum bicolor Roxb. Research 
Journal of Pharmaceutical, Biological and Chemical Science, 2(4), 447-457. 
Petti, S., & Scully, C. (2009). Polyphenols, oral health and disease: A review. Journal 
of Dentistry, 37(6), 413-423. 
Pham-Huy, L. A., He, H., & Pham-Huy, C. (2008). Free radicals, antioxidants in 
disease and health. International Journal of Biomedical Science, 4(2), 89. 
Pietta, P. G. (2000). Flavonoids as antioxidants. Journal of Natural Products, 63(7), 
1035-1042. 
Potter, J. D. (2005). Vegetables, fruit, and cancer. The Lancet, 366(9485), 527-530.  
Prakash, D., Suri, S., Upadhyay, G., & Singh, B. N. (2007). Total phenol, antioxidant 
and free radical scavenging activities of some medicinal plants. International 
Journal of Food Sciences and Nutrition, 58(1), 18-28. 
Rahman, K. (2007). Studies on free radicals, antioxidants, and co-factors. Clinical 
Interventions in Aging, 2(2), 219. 
Rahmatollah, R., & Mahbobeh, R. (2010). Mineral contents of some plants used in 
Iran. Pharmacognosy Research, 2(4), 267. 
Raj, X. J., Chaurasia, O. P., Vajpayee, P. K., Murugan, M. P., & Bala, S. S. (2010). 
Antioxidative activity and phytochemical investigation on a high altitude 
medicinal plant Dracocephalum heterophyllum Benth. Pharmacognosy 






Rajani, M., & Kanaki, N. S. (2008). Phytochemical standardization of herbal drugs 
and polyherbal formulations. In Bioactive Molecules and Medicinal Plants (pp. 
349-369). Springer Berlin Heidelberg. 
Rishi, A., Singh, D. C., Tiwari, R. C., & Tripathi, B. M. (2016). An overview of 
ethnomedicine and future aspect of ethnomedicinal plants. International 
Journal of Ayurveda and Pharma Research, 4(5), 29-33. 
Saha, K., Lajis, N. H., Israf, D. A., Hamzah, A. S., Khozirah, S., Khamis, S., & 
Syahida, A. (2004). Evaluation of antioxidant and nitric oxide inhibitory 
activities of selected Malaysian medicinal plants. Journal of 
Ethnopharmacology, 92(2), 263-267. 
Sakkir, S., Kabshawi, M., & Mehairbi, M. (2012). Medicinal plants diversity and their 
conservation status in the United Arab Emirates (UAE). Journal of Medicinal 
Plants Research, 6(7), 1304-1322. 
Samatha, T., Shyamsundarachary, R., Srinivas, P., & Swamy, N. R. (2012). 
Quantification of total phenolic and total flavonoid contents in extracts of 
Oroxylum indicum L. Kurz. Asian Journal of Pharmaceutical and Clinical 
Research, 5(4), 177-179. 
Sannigrahi, S., Mazumder, U. K., Pal, D. K., & Parida, S. (2009). In vitro anti-oxidant 
activity of methanol extract of Clerodendrum infortunatum Linn. Oriental 
Pharmacy and Experimental Medicine, 9(2), 128-134. 
Sawangjaroen, N., & Sawangjaroen, K. (2005). The effects of extracts from anti-
diarrheic Thai medicinal plants on the in vitro growth of the intestinal protozoa 
parasite: Blastocystis hominis. Journal of Ethnopharmacology, 98(1), 67-72.  
Scalbert, A., Manach, C., Morand, C., Rémésy, C and Jiménez, L. (2005). Dietary 
polyphenols and the prevention of diseases. Critical Reviews in Food Science 
and Nutrition, 45(4), 287-306. 
Schippmann, U., Leaman, D. J., & Cunningham, A. B. (2002). Impact of cultivation 
and gathering of medicinal plants on biodiversity: global trends and issues. 
Biodiversity and the ecosystem approach in agriculture, Forestry and 
Fisheries.Inter-Department Working Group on Biology Diversity for Food and 
Agriculture, FAO, Rome, Italy 
Serdar, M., Bakir, F., Hasimi, A., Celik, T., Akin, O., Kenar, L. & Yildirimkaya, M. (2009). 
Trace and toxic element patterns in nonsmoker patients with noninsulin-
dependent diabetes mellitus, impaired glucose tolerance, and fasting glucose. 






Silva, C. D., Herdeiro, R. S., Mathias, C. J., Panek, A. D., Silveira, C. S., Rodrigues, 
V. P., & Nogueira, F. L. P. (2005). Evaluation of antioxidant activity of 
Brazilian plants. Pharmacological Research, 52(3), 229-233. 
Singleton, V. L., & Rossi, J. A. (1965). Colorimetry of total phenolics with 
phosphomolybdic-phosphotungstic acid reagents. American Journal of 
Enology and Viticulture, 16(3), 144-158. 
Sivakumar, K., Mohandass, S., & Devika, V. (2012). In vitro antioxidant and free 
radical scavenging activity of root extracts of uraria lagopoides. International 
Journal of Pharma Bio Sciences, 3(2), 1. 
Škerget, M., Kotnik, P., Hadolin, M., Hraš, A. R., Simonič, M., & Knez, Ž. (2005). 
Phenols, proanthocyanidins, flavones and flavonols in some plant materials 
and their antioxidant activities. Food Chemistry, 89(2), 191-198. 
Sulaiman, S. F., Sajak, A. A. B., Ooi, K. L., & Seow, E. M. (2011). Effect of solvents 
in extracting polyphenols and antioxidants of selected raw vegetables. Journal 
of Food Composition and Analysis, 24(4), 506-515. 
Sun, J., Liu, S. F., Zhang, C. S., Yu, L. N., Bi, J., Zhu, F., & Yang, Q. L. (2012). 
Chemical composition and antioxidant activities of Broussonetia papyrifera 
fruits. PloS One, 7(2), e32021. 
Tchounwou, P. B., Yedjou, C. G., Patlolla, A. K., & Sutton, D. J. (2012). Heavy metal 
toxicity and the environment. In Molecular, clinical and environmental 
toxicology (pp. 133-164). Springer Basel. 
Tsao, R. (2010). Chemistry and biochemistry of dietary polyphenols. Nutrients, 2(12), 
1231-1246. 
Upadhyay, N. K., Kumar, M. Y., & Gupta, A. (2010). Antioxidant, cytoprotective and 
antibacterial effects of Sea buckthorn (Hippophae rhamnoides L.) leaves. Food 
and Chemical Toxicology, 48(12), 3443-3448. 
Veeru, P., Kishor, M. P., & Meenakshi, M. (2009). Screening of medicinal plant 
extracts for antioxidant activity. Journal of Medicinal Plants Research, 3(8), 
608-612. 
Weijl, N. I., Cleton, F. J., & Osanto, S. (1997). Free radicals and antioxidants in 
chemotherapyinduced toxicity. Cancer Treatment Reviews, 23(4), 209-240.  
Willcox, J. K., Ash, S. L., & Catignani, G. L. (2004). Antioxidants and prevention of 






Wolfenden, B. S., & Willson, R. L. (1982). Radical-cations as reference chromogens 
in kinetic studies of ono-electron transfer reactions: pulse radiolysis studies of 
2, 2′-azinobis-(3-ethylbenzthiazoline-6-sulphonate). Journal of the Chemical 
Society, Perkin Transactions 2, (7), 805-812. 
Wuana, R. A., & Okieimen, F. E. (2011). Heavy metals in contaminated soils: a review 
of sources, chemistry, risks and best available strategies for remediation. ISRN 
Ecology, 2011. 
Yadav, R. N. S., & Agarwala, M. (2011). Phytochemical analysis of some medicinal 
plants. Journal of Phytology, 3(12), 10-14. 
Yavangi, M. (2017). Use of Iranian medicinal plants effective on male fertility 
indices. Journal of Global Pharma Technology, 8(10), 36-43. 
Yazdanparast, R., Bahramikia, S., & Ardestani, A. (2008). Nasturtium officinale 
reduces oxidative stress and enhances antioxidant capacity in 
hypercholesterolaemic rats. Chemico-Biological Interactions, 172(3), 176-
184. 
Zaveri, N. T. (2006). Green tea and its polyphenolic catechins: medicinal uses in 
cancer and noncancer applications. Life sciences, 78(18), 2073-2080. 
Zhishen, J., Mengcheng, T., & Jianming, W. (1999). The determination of flavonoid 
contents in mulberry and their scavenging effects on superoxide radicals. Food 
chemistry, 64(4), 555-559. 
Zou, Y., Lu, Y., & Wei, D. (2004). Antioxidant activity of a flavonoid-rich extract of 







List of Publications 
 
Cheruth, A. J., Al Naqbi, K. M., El-Kaabi, A. A. A., Odeh, O. W., Kandhan, K., 
Maqsood, S and Sakkir, S. (2016). In vitro antioxidant activities and screening of 
phytochemicals from methanolic and ethyl acetate extracts of Calligonum 
comosum L’Her. Oriental Pharmacy and Experimental Medicine, 16(3), 209-215. 
 
 
